Chemotherapy-induced peripheral neuropathy (CIPN) is a one of the most common and severe cancer treatment-related adverse effect. It can often cause the stop of the treatment and affects the long-term quality of life of cancer survivors. Unfortunately, there are no effective agent or protocol to prevent with strong evidence of effectiveness this toxicity prevention of CIPN. Thus, CIPN prevention mainly consists of cumulative dose-reduction or lower dose-intensities, especially in higher risk patients. After a brief description of pathophysiology and features of CIPN, the purpose of this study is to analyse the role of standard pharmacological approaches and natural products for prevention of this serious side effect.
Introduction
A wide range of neurologic complications are associated with antineoplastic drug regimens, such as central neurotoxicity conditions, ranging from minor cognitive deficits to encephalopathy with dementia or even coma, and peripheral neurotoxicity. Many chemotherapy drugs including platinum compounds, antitubulins (taxanes, vinca alkaloids, eribulin), proteasome inhibitors (bortezomib), immunomodulatory agents (thalidomide, lenalidomide, pomalidomide), and some of the newer biologics (alemtuzumab, ipilimumab, brentuximab) are known to cause peripheral nerve damage which is also called chemotherapy-induced peripheral neuropathy (CIPN), [1, 2] . It is a common treatment-related adverse, affecting up to 48% of cancer patients who received chemotherapy [3] and worsening the long-term quality of life (QoL) of cancer survivors, too [4] . Indeed, although CIPN is generally a temporary manifestation, in a third of cases it represents a permanent side effect from the chemotherapy treatment employed and paresthesia and/or painful CIPN can also persist from months to years after the end of the anticancer therapy [5] . Unfortunately, there are no effective agents, or protocol, to prevent with strong evidence of effectiveness this serious treatment-related toxicity, and therapeutic strategies are often of limited effectiveness, too. Nevertheless, because prevention seems to be the most effective way of dealing with CIPN, more investigations are directed at identifying any possible pharmacological strategy in both animal models and clinical trials, and this issue also concerns alternative medicines.
After a brief description of pathophysiology and features of CIPN, the purpose of this study is to analyse the role of standard pharmacological approaches and alternative medicines for prevention of this serious side effect.
Pathophysiology and features of chemotherapy-induced peripheral neuropathy
The precise pathophysiology of CIPN has not yet been defined. Probably, any group of anticancer drugs exhibits a different mechanisms of damage to the peripheral nervous system [6] . For instance, researches have demonstrated a strong affinity of platinum compounds to the deoxyribonucleic acid (DNA) of spinal ganglion cells [7, 8] , and the promotion of microtubule polymerization and inhibition of depolymerization leading to inhibition of axonal transport within International Journal of Pharmacology, Phytochemistry and Ethnomedicine Submitted: 2016-08-30 ISSN: 2297-6922, Vol. 6, pp [47] [48] [49] [50] [51] [52] [53] Revised: 2016-08-30 doi:10.18052/www.scipress.com/IJPPE. 6.47 Accepted: 2017-01-04 2017 SciPress Ltd, Switzerland Online: 2017-01-24 neurons are involved in taxanes neurotoxicity [9] . Furthermore, preclinical studies suggest that peripheral neuropathy due to proteasome inhibitors is probably the result of moderate pathological changes in Schwann cells and myelin, of the axonal degeneration in all three major primary afferent fibers: Aβ, Aδ, and C [10] , and dorsal root ganglia (DRG) neuron changes, manifested as nuclear and nucleolar atrophy, and/or loss of neurons [11] . Whatever the precise mechanism, neurotoxic chemotherapy agents usually induce a progressive axonal neuropathy, combined or not with DRG neuronal cell body changes, which finally may lead to disabling symptoms and signs. The most common symptoms reported by patients include sensory symptoms of numbness and tingling, followed by burning, shooting, throbbing, and stabbing feelings, felt mainly on hands and feet. Occasionally, CIPN is characterized by severe pain, structuring the painful CIPN, whose management becomes a very hard task. In addition, patients with CIPN may experience motor neuropathy, conditioning rarely the motor nerve function as motor weakness, autonomic dysfunction and even cranial nerve involvement may occur [12, 13] .
The assessment of CIPN is not the purpose of this work, thus other works on the topic should be consulted [14] . Yet, the effectiveness of nonpharmacologic interventions, such as electrocutaneous nerve stimulation and acupuncture have been evaluated in more specific reviews [15] .
Prevention of chemotherapy-induced peripheral neuropathy
The recently published guidelines from the American Society of Clinical Oncology (ASCO) on the topic, based on a systematic review of 42 randomized controlled trials investigating 18 agents, found that there are no agents that have shown consistent, clinically meaningful benefits for CIPN prevention [16] . Consequently, prevention of CIPN mainly consists of cumulative dosereduction or lower dose-intensities, especially in patients which are at higher risk to develop neurotoxic side effects or in patients which already have neuropathic symptoms due to diabetes mellitus, hereditary neuropathies, or earlier treatment with neurotoxic chemotherapy, as they are more vulnerable for the development of this therapy-related side effect [14] Data on neuroprotective agents to use for the CIPN prevention are still discussed. Although several agents, such as amifostine, glutathione (GSH) and N-acetylcysteine, as well as the calciumchannel antagonist nimodipine, and calcium and magnesium infusions hold promise as possible neuroprotective factors, clinical data on these drugs have shown a lack of efficacy [17, 18] . Amifostine has been proposed to prevent taxane-based neuropathy but it has a poor effectiveness and may increase nausea and vomiting [19] . Several randomized clinical trials showed the protective effects and benefits of GSH against platinum-based neurotoxicity and the use of Nacetylcysteine [20] , an antioxidant that increases serum GSH concentrations, induces a reduction in incidence and severity of neuropathy and improvements in nerve conduction [21, 22] . On the contrary, GSH is not an effective agent in the prevention of taxane-induced CIPN [23] . Moreover, the use of nimodipine in patients with ovarian cancer demonstrated an augmentation of nausea and vomiting and a subsequent poor compliance to the therapy [24]. Calcium and magnesium infusions in patients receiving oxaliplatin combined with 5-fluorouracil and leucovorin for advanced colorectal cancer were initially associated with a marked reduction of neuropathy [25] . However, a more recent large double-blind randomized trial provided strong evidence that this approach was not able to significantly decrease either the acute or persistent neuropathy associated with oxaliplatin [26] . Additionally, not encouraging have been the results obtained by the use of antiseizure drugs, such as carbamazepine and antidepressants, such as venlafaxine. In fact, these drugs seem to have more results in the treatment of CIPN rather than in its prevention [27] .
Other nutraceuticals have shown promise for CIPN prevention caused by selective neurotoxic chemotherapeutic agents. For this purpose, Vitamin E was tested together with cisplatin administration [28] , Vitamin B6 with hexamethylmelamine [29] , and omega-3 fatty acids seem to be efficient neuroprotective agents for the prophylaxis of paclitaxel-induced peripheral neuropathy [30] . Bove et al. [31] demonstrated that after 2 or 4 cycles of cisplatin patients presented
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significantly lower levels of vitamin E than before treatment. However, a phase III study showed that Vitamin E did not appear to reduce the incidence of sensory neuropathy in patients receiving taxanes, platinum compounds, or combination [32] . More encouraging results were obtained with the administration of all-trans retinoic acid in an animal model and patients with lung cancer [33] . Conversely, acetyl-L-carnitine increased CIPN at 24 weeks compared with placebo although no difference was observed at 12 weeks in women undergoing adjuvant breast cancer therapy [34] . New alternative therapies have been considered for prevention of CIPN and there is considerable interest in the prophylactic role of natural products, such as curcumin [35] , matricaria chamomilla [36] , ginkgo biloba extract [37] , and green tea [38] . Among these, curcumin, which is a polyphenol found in the root of Curcuma longa with anti-inflammatory, antioxidant, and antiprotein-aggregate activities, has been shown neuroprotective against several neurological diseases, including Alzheimer's, disease Parkinson's disease, and stroke [39] . Moreover, this natural agent has been proved non-toxic and tolerable even at high doses in humans [40] . In regard to the prophylactic actions on CIPN, in a preclinical study in rats with cisplatin-induced neuropathy, the adinistation of curcumin at the dose of 200 mg/kg/day given by gavage, ameliorated the sciatic motor nerve conduction velocity -impaired by cisplatin -and prevented the DRG neuronal cell body changes [41] . Although a major problem concerning the use of curcumin is its poor absorption, and thus its bioavailability, many strategies are being developed to go over this limitation [42] .
The combination of Asian herbal medicines showed promise as protective agents against CIPN, too. Herbal medicine in Japan is termed as Kampo medicine, which is derived from traditional Chinese medicine. The Kampo medicine goshajinkigan (GJG) is a complex drug containing 10 medicinal herbs with a wide spectrum of pharmacologic actions [43] . The extract product Goshajinkigan is a standardized spray-dried water extract, which comprehends: Rehmanniae Radix, Achyranthis Radix, Corni Fructus, Dioscoreae Rhizoma, Plantaginis Semen, Alismatis Rhizoma, Poria, Moutan Cortex, Cinnamoni Cortex, and Processi Aconiti Radix. Magnesium stearate, lactose, and fructose fatty acid esters are also included as diluents.
GJG is a pharmaceutical drug covered by the Japanese health insurance program and used to treat pain in low extremities, back pain, numbness, blurred vision, dysuria, pollakiuria, and edema. Experimental studies have shown that GJG relieves neurologic symptoms of diabetic peripheral neuropathy such as cold hyperalgesia and mechanical allodynia [44, 45] .
About the effects of GJG on prevention of CIPN, several preclinical and clinical investigations have been conducted. Recently, Nishioka et al. [46] , in a randomized placebocontrolled multicenter evaluation conducted on patients affected by peripheral neuropathy associated with oxaliplatin therapy, showed that the incidence of grade 3 peripheral neuropathy was significantly lower in patients receiving oral GJG than in those of the control group. This data confirmed previous finding in which GJG showed itself as an effective agent for paclitaxel-induced neuropathy in experimental rodents [47] . Additionally, a phase 2, multicenter, randomized, doubleblind, placebo-controlled trial showed acceptable margins of safety and tolerability and a promising effect in delaying the onset of peripheral neurotoxicity in colorectal cancer patients treated with oxaliplatin and the prophylactic administration of GJG, given orally at the dose of 7.5 g/day [48] . Another clinical investigation conducted by Bahar and colleagues [49] confirmed that GJG was able to prevent paclitaxel-induced peripheral neuropathy without interfering with the anti-cancer action of paclitaxel. This last finding represents a further proof regarding the safety profile of GJG.
The neuroprotective effects of GJG involve several mechanisms, including the release of dynorphin with the activation of endogenous κ-opioid receptors to improve numbness or paresthesia, the promotion of nitric oxide production to improve blood supply to the nerves, and the decreased release of transmitter proteins and sensory receptors associated with C-fiber nociceptor [50] [51] [52] [53] . Recently, Nakanishi et al. [54] demonstrated that GJG ameliorates allodynia in injury model mice via suppression of tumor necrosis factor-a expression derived from activated microglia. Consequently, GJG is a promising drug also for the treatment of painful neuropathy induced by chemotherapies. Moreover, GJG seems to have other interesting proprieties which could be used in oncology. For instance, one of the components of GJG, Poria (Wolfiporia extensa), has shown an antiemetic effect through 5-HT3A receptor inhibition [55] . About the safety of GJG, a recent phase 2, randomized, double-blind, placebo-controlled study concluded that GJG offers an acceptable safety margin and a promising effect in delaying the onset of grade 2 or greater oxaliplatin-induced peripheral neurotoxicity without impairing chemotherapy efficacy [48] , confirming previous animal models findings [56] .
To date, there are no strong recommendations about the use of specific neuroprotective agents and also the effectiveness of herbal medicines, such as GJG must be better elucidated [57] [58] [59] . Nevertheless, standard approaches, including amifostine and antidepressants have had limited efficacy and may themselves induce adverse side-effects, while herbal medicines has shown a better efficacy and safety profile.
Conclusion
According to the ASCO guidelines, overall no drug can be proposed as a gold standard to prevent CIPN, and this side effect is still difficult to prevent and control without resorting to dose reduction or cessation of chemotherapy treatment. Consequently, new alternative medicines, such as natural products, or the combination of Asian herbal medicines, have been evaluated for their potential therapeutic benefits that can prevent the onset, or limit the progression of CIPN. Despite standard approaches, herbal medicines have shown a better efficacy and safety profile. On these basis, research should explore more about these novel strategies in order to offer more effectiveness drug molecules for the future. Funding/Financial Support. The authors have no funding to report
